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PHILIP B. COWLES
Detailed studies of the bactericidal action of soaps have been
made bynumerous observers. Amongthem the most recent include
those by Tilley and Schaffer, Walker, Eggerth, and Schaffer and
Tilley. In general, such action increases with the number of carbon
atoms in the fatty acid up to a maximum which depends upon factors
such as the hydrogen ion concentration, the nature of the test
organism, and the solubility of the soap, but is usually highest in
those soaps containing 12 or 14 carbon atoms.
In the present paper are presented data on the bacteriostatic
action of a somewhat related class of substances, the sodium alkyl
sulfates, some of which (Drene, Duponol, S.L.S., etc.) have come
into widespread use as detergents during the past few years. Soaps
and alkyl sulfates are alike in that an alkyl chain is common to both
and is the active principle, but it will be recalled that whereas soap
is a combination of fatty acid and an alkali, the alkyl sulfates are
half-esters ofsulfuricacid. Thefollowingformulae are descriptive:
Soap: R-COONa Alkyl sulfate: NaR0o2 S02
Both are excellent surface tension depressants, but the alkyl sulfates
give clear solutions, while the soaps, in general, cause a pronounced
doudiness.
The inhibitive rather than the germicidal powers were examined,
in part because the latter are relatively weak, and partly because
the former powers are more easily determined, but chiefly because
from the standpoint of the physiology of bacteria bacteriostasis is
probably quite as important as is the actual death of the cell.
The following alkyl sulfates were induded in this study, all as
the sodium salts:
2 ethyl 10 decyl
4 butyl 12 lauryl
5 amyl 14 myristyl
6 hexyl 16 cetyl
7 heptyl 18 octadecyl
8 octyl 26 ceryl
9 nonyl 30 myricyl
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In addition, lauryl, as the triethanolamine salt in "Drene," and oleyl,
as the sodium salt in "Duponol LS flakes," were examined. The
latter is not included in the subsequent discussion since, while highly
inhibitive (1/13,000), it contains a double bond.
Of these the ethyl, decyl, and lauryl sodium sulfates were
obtained from outside sources. The remainder were prepared from
the corresponding normal alcohols, obtained from the Eastman
Kodak Company, by the following method. The desired amount
ofalcohol, usually 5 grams, isplaced in a small beaker in an ice-bath,
and from 2 to 3 equivalents of chilled concentrated sulfuric acid (sp.
gr. 1.84) are slowly added while the mixture is stirred. With
the higher alcohols,-solids at this temperature,-a stiff paste
results, so that with these it is helpful to grind up all lumps before
the addition of the acid. Next, strong sodium hydroxide solution
(20 per cent) is cautiously added to the acid mixture, still in the
ice-bath, until the reaction is barely alkaline to phenolphthalein.
The preparation is then placed in a porcelain evaporating dish and
brought almost to dryness on a water-bath. Hot 95 per cent ethyl
alcohol is used to extract the sodium alkyl sulfate and the unchanged
alcohol from the large amount of sodium sulfate present. The
unchanged alcohol may be removed by allowing the alkyl sulfate to
crystallize from the hot solution as it cools, or it can be dissolved
out of the dried product with ether.
The solubility of these salts decreases with increasing molecular
weight and, beginning with myristyl sulfate, becomes very low. In
fact, the ceryl and myricyl compounds are insoluble, while the
octadecyl salt is so slightly soluble that the bacteriostatic action did
not fall within the range of solubility.
In general, all tests were made in broth of the following compo-
sition: 10 g. Bacto-peptone, 3 g. Bacto-meat extract, and 5 g. sodium
chloride per liter. The pH was adjusted to 7.2 after the addition
of the desired amounts of the alkyl sulfates. In the following tests
one drop of a 1/100 broth culture dilution was used in inoculating
each 10 cc. tube of medium. Incubation was at 370 C. and readings
were made at 24 and 48 hours. In Table 1 only the 48-hour
readings are recorded.
It is apparent from the following table that, by and large, the
Gram-negative organisms are not prevented from growing by the
concentrations of alkyl sulfates used, whereas the Gram-positives,
for the most part, are inhibited. It may be mentioned that E. coli
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is able to grow in a concentration of 20 per cent "Drene" or S per
cent sodium lauryl sulfate.
TABLE 1
Sodiu
Gram-negative 0.1
B. coli +
A. aerogenes +
E. typhi +
S. paratyphi +
S. schottmfillerei +
Sh. dysenteriae +
Sh. paradysenteriae
(Flexner) +
Sh. paradysenteriac
(Sonne) +
V. comma
Pseudomonas aeruginosa +
Serratia marcescens +
Proteus vulgaris +
Pasteurella avicida
Gram-positive
B. aethracis
B. megatherium
B. mesentericus
B. subtiis
Aerobacillus polymyxa
Aerobacillus macerans
Streptococcuspyogenes**-
Staphylococcus aureus
Staphylococcus albus
Gaffkya tetragena
Sarcina lutea
Sarcina lysodeiktkius
Cl. welchii;***
Cl. tertium***
imlauryl sulfate Sodium cetylsulfate
% 0.03% 0.1%o 0.03%o
"Drene"*
0.I1% 0.03%o
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + '+ + +
tr -tr-
+ + + + +
+ + + + +
+ + + +_
- - tr
.... . ... . . .... ... ..
- - - +
tr - tr tr
-* . +.
* .*... ....
* essential ingredient istriethanolamine laurylsulfate + = growth in 48 hours
** an infusion broth base used tr = a trace of growth
*** cysteine lactose broth fermentation tubes = no growth
The selective germicidal action ofsoaps is a well-known fact and
has been thoroughly demonstrated by Eggerth, but with soaps the
Gram-positive-Gram-negative differentiation does not seem to be so
striking as it is with the alkyl sulfates. This selective bacteriostatic
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action suggests the possibility of incorporating an alkyl sulfate in the
standard lactose broth used in the presumptive test in sanitary water
analysis (Cowles) and, perhaps, in other selective media.
The inhibiting action of varying quantities of the different alkyl
sulfates was tried on Staph. aureus only. In these experiments dilu-
tions of the sulfates were made up in double strength in extract
broth and then inoculated with equal amounts of a 1O0 dilution of
a 24-hour broth culture. Table 2 contains the averaged results of
numerous determinations. Results were recorded at 24 and 48
hours, after which time growth seldom occurred. Concentrations
are expressed in amounts by weight in total volume.
TABLE 2
Butyl 1/7
4 1/8
1/9
Amyl 1/12
5 1/14
1/16
1/18
1/20
Hexyl 1/16
6 1/18
1/20
1/22
1/24
Heptyl 1/40
7 1/42
1/44
1/46
Octyl 1/80
8 1/90
1/100
1/110
24 hrs. 48 hrs.
tr
+
- tr
+
-r +
+
tr
tr +
+ +
+
tr +
tr
tr +
+ +
Nonyl 1/250
9 1/260
1/270
1/280
1/290
1/300
Decyl 1/675
10 1/700
1/725
1/750
1/775
1/825
Lauryl 1/6500
12 1/7000
1/7500
Myristyl 1/24,000
14 1/25,000
1/26,000
1/30,000
1/35,000
Cetyl 1/1 1,000
16 1/12,000
1/18,000
Growth occurs in saturated solutions of the ethyl (2) and octadecyl (18) sub--
fates. The ceryl (26) and myricyl (30) sulfates are insoluble.
24 hrs.
tr
+
+
tr
+
+
48 hr:..
tr
tr
+
+
+
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+
+
+
+
+
tr
+
+
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From these results the following calculations were made:
Dilution
Inhibiting Inhibiting Molecular X M.W.
concentration dilution weight (liters/mol) Log.
4 butyl 1/7 7 176 1.2 0.08
5 amyl 1/12 12 190 2.3 0.36
6 hexyl 1/16 16 2044 3.2 0.51
7 heptyl 1/40 40 218 8.7 0.94
8 octyl 1/80 80 232 18.6 1.27
9 nonyl 1/250 250 246 61.6 1.79
10 decyl 1/675 675 260 176. 2.25
12 lauryl 1/6500 6500 288 1870. 3.27
14 myristyl 1/24,000 24000 316 7570. 3.88
16 cetyl 1/11,000 11000 344 3780. 3.58
In the graph the number of carbon atoms in the compounds are
plotted against the respective inhibiting molar dilutions. It will be
seen that the points for the 8, 9, 10, and 12 sulfates fall on a
straight line, those for 4, 5, 6, and 7 at decreasing distances above
it, and those for 14 and 16 well below. This increased inhibiting
power of the short-chained substances may well be due to osmotic
effects, for instance, caused by the high concentrations of material.
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NUMBER OF CARBON ATOMS
If the equation of a straight line, log 1/C =A + BN, where
1/C is the molar dilution, A and B are constants, and N the number
of carbon atoms, be solved for this particular case we find that
A = -2.73 and B- = 2. That is, for the straight portion of the
curve the slope of the line is given by half the number of carbon
atoms. In other words, the inhibiting action of the sodium alkyl
sulfates in the region from 8 to 12 carbon atoms obeys Traube's
rule that the activity increases strongly and regularly as we ascend38 YALE JOURNAL OF BIOLOGY AND MEDICINE
the series. The actions of the 4 to 7 compounds also follow the
rule fairly well except as noted above.
The depression in surface tension caused by fatty acids, for
instance, follows Traube's rule until such long-chained compounds
as palmiticacid (C= 16) are reached. In the case above, deviation
from the rule is noticeable in this same region, for the myristyl and
cetyl sulfates are less active than should be the case if the inhibiting
power increased regularly.
It may be mentioned that the surface tensions of the inhibiting
dilutions of the respective alkyl sulfates contained in extract broth
all approximate 37 dynes. An examination of this aspect of the
question will be presented in another paper.
Conclusions
1. The sodium alkyl sulfates, R-O-SO3Na, exert a pronounced
inhibiting effect, by and large, upon all Gram-positive organisms but
not upon those which are Gram-negative.
2. For this reason, the lauryl, myristyl, and cetyl salts are sug-
gested for use in selective media.
3. Against the staphylococcus the inhibiting action of these sub-
stances obey Traube's rule since it increases with fair regularity in
the series asit ascends from 4 to 12 carbon atoms, and quite regularly
in the range from 8 to 12 carbon atoms. In the latter range the
following relation holds true: that the logarithm of the inhibiting
molar dilution is equal to the constant -2.73 plus half the number
of carbon atoms.
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